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SUMMARY 
A summary has been made of the available experimental data on divi-  
sion of normal-force loads between the wing and fuselage of a i r c r a f t .  
Comparison of the experimental values with theoretical calculations which 
include interference effects shows good agreement in  general  with the 
greatest differences occurring near a Mach number of 1 .0 .  A t  high angles 
of a t tack,  above the range of l i n e a r  l i f t  curves, the proportion of the 
t o t a l  wing-fuselage load carried by the wing decreases and this e f f e c t  
OCCUTS throughout the subsonic- and transonic-speed regions. 
INTRODUCTION 
The purpose of this paper i s  t o  summarize the presently available 
experimental data on division of normal-force loads between the wing and 
fuselage of a i rc raf t  conf igura t ions  and t o  make comparisons with theo- 
r e t i c a l  r e s u l t s .  The experimental information presented herein was 
obtained by means of fou r  d i f f e ren t  t e s t  methods: wind tunnels, f r ee -  
f a l l  models, rocket-propelled models, and airplane flight tests.  The 
data were measured by various cbmbinations of pressure distributions, 
s t r a i n  gages, internal balances, and accelerometers. Further details on 
the methods of measurement can be found in  the  re ference  repor t s .  Most 
of the data are presented i n   t h e  form of the rate of change of wing 
normal-force coefficient with wing-fuselage normal-force coefficient with 
both coefficients being based on the same reference area.  In those cases 
where a t a i l  surface was present  during the tes ts ,  the  t a i l  load w a s  sub- 
t rac ted  from the data t o   o b t a i n  wing-fuselage load. 
2 
METHODS  OF  ESTIMATION 
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Several means have camonly been used to  es t imate  the divis ion of 
l i f t  or normal-force loads between the wing and fuselage, as i l l u s t r a t e d  
i n  f i g u r e  1. The simplest scheme for estimating the proportion of l i f t  
carr ied by the wing i s  to   t ake   t he   r a t io  of the exposed wing a rea   t o   t he  
t o t a l  wing area which is equivalent to assuming that there  are  no aero- 
dynamic induction effects and that the span loading i s  not  affected by 
the addition of a fuselage. A somewhat  more ref ined method is to  obta in  
the span loading for the wing without a fuselage and t o  form t h e   r a t i o  
of the load on the exposed w i n g  to  the  load  on the   en t i r e  wing a s  if  it 
were unaffected by the presence of the fuselage. T h i s  method accounts 
for aerodynamic induct ion  effects  on the  isolated wing and thus might be 
expected t o  account fo r   t he  major e f fec t s  of taper  and sweepback. 
In actuali ty,  the load buildup on the wing-fuselage combination is 
more complex than indicated by either of these simple concepts. In 
addition t o  the loads that  would occur on the   i so la ted  wing and fhselage, 
as indicated by the symbols  F and W i n   f i gu re  1, increments of load 
ex i s t  on the fuselage caused by the presence of the wing F(W) and on 
the  wing caused by the fuselage W(F). Both the experimental and theo- 
re t ical  resul ts  presented herein include these interference effects .  
The theo re t i ca l  r e su l t s  a t  subsonic speeds follow a method outlined 
in reference 1 i n  which a combination of t heo re t i ca l   r e su l t s  from Multhopp, 
Weissinger, DeYoung, and Lennertz is used. For supersonic  speeds  theo- 
r e t i c a l  methods have been presented in references 2 and 3 by Nielsen and 
his  associates  and in  reference 4 by Tucker. A l l  these  resu l t s  apply  to  
supersonic speeds and wings wi th   t r a i l i ng  edges tha t   a r e   no t  swept back. 
Recently, Nielsen has shown that his theory is  va l id  a t  subsonic and 
transonic speeds also and is, in fact ,  equivalent to the subsonic theory 
outlined in reference 1. Tucker has extended his  theoret ical  analysis  
(unpublished) t o  cover wings with sweptback t r a i l i n g  edges a t  supersonic 
speeds. Although the simpler methods of estimating the division of load 
between the wing and fuselage may give very good r e su l t s   fo r  some cases, 
there  is l i t t l e  reason t o  use these methods i n  any case because of the 
relat ive ease of applying the theoretical  methods which include a l l  the 
interference effects .  Convenient char ts  have been s e t  up by both Nielsen 
and Tucker; thus, the computation of the  wing and fuselage loads by 
e i ther  method is only a matter of minutes. 
RESULTS 
Figure 2 shows data  that have been obtained on low-aspect-ratio 
unswept  wings t o  show the  e f fec t  of relative wing-fuselage size. The 
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absc issa  in  th i s  case  i s  t h e  r a t i o  of fuselage diameter t o  wing span. 
The ordinate dCNw/dCNwE. i s  t h e  r a t e  of  change  of  wing  normal-force 
coefficient with wing-fuselage normal-force coefficient and represents 
the proportion of the total  wing-fuselage load that  i s  being carried by 
the  wing over tha t  par t  o f  the  l i f t  range where l i n e a r i t y  e x i s t s .  The 
distance above the curve to  the ordinate  1.0 is ,  of course, the proportion 
being carried by the fuselage.  
The data on the  l e f t  s ide  of figure 2 are from reference 1 and were 
obtained in the Ames 7- by 10-foot tunnel a t  a Mach  number of 0.25 on a 
wing of a spec t  r a t io  3 with three s izes  of body. The tes ts  included 
both changes in  angle  of a t t ack  of the ent i re  configurat ion ( indicated 
by squares) and  changes i n  wing incidence (indicated by c i r c l e s ) .  It 
can be seen that the theoretical  calculations agree very well  with the 
experimental  results for both variable incidence and variable angle of 
a t tack .  An area- ra t io  and a load-ratio estimate give fairly good r e s u l t s  
for  the var iable  angle-of-at tack case.  
On the  r igh t  s ide  of t h e  f i g u r e  a r e  shown data,  from reference 5 ,  
a t  three supersonic speeds from t h e  Langley 9-inch supersonic tunnel. 
Var ia t ions  in  the  ra t io  of diameter t o  span were obtained by altering 
the  wing span so that the aspect  ra t io  a lso var ied.  Theoret ical  calcu-  
la t ions  from both Tucker and Nielsen are shown. Both sets of calculat ions 
indicate  the correct  var ia t ion with the diameter- to-span rat io  but  
!Tucker's resu l t s  appear  to  pred ic t  the  var ia t ion  wi th  Mach number some- 
w h a t  be t t e r .  
Figure 3 shows a summary of the effects of Mach  number on unswept 
wings of a spec t  r a t io  3 .  The points represented by symbols were taken 
from f igure  2. The short  sol id  curve a t  transonic speeds was obtained 
a t  the  Ames Laboratory from a free-fall model. The fuselage l i f t  on 
the  free-fall model w a s  obtained from pressure measurements i n   t h e  
v i c in i ty  of t he  wing; thus, any l i f t  on t h e  nose of the fuselage is not 
included in the data and has a l s o  been omitted from t h e  comparable theo- 
r e t i c a l  r e s u l t s .  The Nielsen theory is independent of Mach  number and 
agrees very well with the experimental data but the Tucker theory gives 
somewhat higher values. The longer solid curve is experimental data 
obtained a t  t h e  Langley Laboratory (ref.  6 )  from a rocket-propelled 
model. Values of both theoretical  calculations are higher than the 
experimental values, but the Nielsen theory, again independent of Mach 
number, gives somewhat b e t t e r  agreement, particularly with the subsonic 
experimental data. Both the experimental data and the  Tucker theory 
indicate  some decrease in the proportion o f '  load carried by t h e  wing as 
the  Mach  number increases a t  low supersonic speeds. 
Turning now t o  swept wings, f igure  4 presents data measured on t h e  
fu l l - sca le  Douglas D-558-11 airplane a t  Mach numbers from 0.4 t o  1.5. 
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The curve indicates that the proportion of load carried by the wing 
decreases above a Mach number of 0.8 and then increases again as super- 
sonic speed is at ta ined.  The theore t ica l  va lues  a re  aga in  somewhat 
higher than the experimental values. 
Figure 5 presents a summary of  avai lable  data  on wings with 45' of 
sweepback. Information on aspect-ratio-4 wings has been obtained in the 
Langley 8 - f ~ o t  and 16-foot transonic tunnels (refs.  7 and 8 ) .  The r e s u l t s  
from the  two tunnels agreed very well ,  and the single l ine shown repre- 
sents  both sets  of data .  Data a t  the higher Mach numbers were obtained 
from two rocket-propelled models ( r e f .  9) which were geometrically 
ident ica l  bu t  had d i f f e ren t  wing s t i f fnes ses .  The wings d i f f e red  in  
s t i f f n e s s  by a fac tor  of 3 since the wing labe led  r ig id  was s o l i d   s t e e l  
and the  f l ex ib l e  wing was so l id  aluminum. Over most of t he  Mach  number 
range where data were obtained, the flexible wing ca r r i e s  a s l i g h t l y  
smaller proportion of the wing-fuselage load than does the rigid wing. 
This does not mean that the  e f f ec t  of wing f l e x i b i l i t y  on l i f t -curve  
slope is small. "he reduct ion in  l i f t -curve s lopes due t o  f l e x i b i l i t y  
w a s  about 5 t o  7 pe rcen t  fo r  t he  r e l a t ive ly  r ig id  wing and about 15 
to 20 percent for the  f lex ib le  wing but, when t h e   r a t i o  of the wing t o  
the wing-fuselage slope i s  taken, the difference due t o   f l e x i b i l i t y  i s  
only a few percent as shown here.  In  this  case,  the agreement between 
theory and experiment is very good. A l l  the experimental data indicate 
a s l ight  increase in  the proport ion of load carried by the  wing i n   t h e  
Mach number region near 1.0. 
Data on aspect-ratio-6 wings have been obtained on two f r e e - f a l l  
models, one having a plane wing and one a cambered and twisted wing, and 
on one rocket-propelled model. These da ta  a l so  ind ica te  a general 
increase in  the proport ion of load carried by the wing in  the  t ransonic  
region. The theore t ica l  resu l t s  ind ica te  the  same trends with Mach  num- 
ber as the experimental data but give smaller absolute values. Although 
the Nielsen theory is n o t  s t r i c t l y  a p p l i c a b l e  t o  swept wings, the  e r ror  
involved i n  i t s  use is small and a calculat ion made fo r  t he  f r ee - f a l l  
models gave a value of 0.81 which agrees very well  with the measurements. 
Figure 6 presents  data  that  have been obtained on 60° swept wings 
from the  fu l l - sca le  Bell X-5 airplane and a rocket model having the 
X-5 wing ( r e f .  10). The wing plan form on the model d i f fe red  from t h a t  
on the  a i rp lane  in  tEa t  it was not. rounded a t  the  t ra i l ing-edge  t ip  and 
the leading edge a t  the root did not simulate the nonmoving port ion of 
the full-scale variable-sweep wing. Reference t o  t h e  two a rea  r a t io s  
ind ica tes  tha t  the  data f o r   t h e  X-5 airplane should be higher  than for  
the  two s e t s  of experimental data i s  not known but it may be associated 
with the differences i n  fuselage shape and wing-root f a i r ing .  The theo- 
r e t i c a l  and experimental  results are in very good agreement. 
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The experimental information available on triangular-wing configu- 
r a t ions  i s  not so extensive as that on unswept and swept wings. Fig- 
ure 7 presents data obtained in the Ames 7- by 10-foot tunnel on the  
e f f ec t s  of fuselage s ize  w i t h  aspect-rat io-2 t r iangular  wings a t  a Mach 
number of 0.25. The r a t i o  of the  body diameter t o  wing span was varied 
by using two bodies and three  wings. The resul ts  obtained when the  wing 
incidence was varied were f a i r l y   l i n e a r  and agreed well with theory. 
When the angle of a t tack  of the ent i re  configurat ion was varied, the 
data were not  l inear  and two values of slope are shown here, one being 
the slope a t  an angle of a t tack  of 0' and the other being the slope of 
a l i n e  drawn through a = Oo and a = 10'. The theore t ica l   ca lcu la t ions  
agree bet ter  wi th  the slopes measured between 0' and 10'. It can be seen 
that a simple area r a t i o  fa i l s  by a wide margin to   p red ic t   t he   r e l a t ive  
proportions of load carried by the wing and fuselage. The load-ratio 
estimation gives much b e t t e r  agreement but i s  s t i l l  not so  good as the 
theoret; .cal  calculations.  
Figure 8 presents information that has been obtained on two 
triangular-wing configurations a t  transonic and low supersonic speeds. 
The aspect-ratio-4 wing was flown on a f r e e - f a l l  model and the aspect- 
ratio-2.31 wing was flown on a rocket-propelled model ( r e f .  11). Again, 
the s imple area rat io  fails by a wide margin to  predict  the experimental  
r e s u l t s .  Both the Nielsen and  Tucker theore t ica l  methods g ive  f a i r ly  
good agreement wi th  the  measured data. 
Vp t o  t h i s  point only data a t  low angles of attack over w h a t  i s  
usually a l inear range have been considered. Critical load conditions 
may also occur a t  high angles of attack where flow separation exists and 
theore t ica l  ca lcu la t ions  no longer apply. Although data a t  high angles 
of  a t tack are  not  as p l e n t i f u l  as f o r   t h e  low angle-of-attack range, 
some information on a number of configurations has been obtained and i s  
summarized in  f igu res  9 and 10. 
The information i n   f i g u r e  9 is presented as wing normal-force coef- 
f ic ient  against  total  a i rplane normal-force coeff ic ient  and, i n  a l l  
cases, extends to  ang le s  of a t t ack  above the pitch-up boundary. Data 
have been obtained a t  supersonic speeds for the D-558-11 airplane and 
the f i rs t  p l o t  i n  f i g u r e  9 shows these data. The Mach  number f o r  the 
maneuver from which these data  were obtained s tar ted a t  about 1.43 and 
decreased t o  1.04 as the higher angles of a t t ack  were at ta ined.  The 
data indicate  that the l inear  range extends to  a wing normal-force coef- 
f i c i e n t  of about 0.7 above which the proportion of the load  carried by 
the wing decreases considerably as the angle  of a t tack increases ,  similar 
to  the behavior  a t  lower speeds reported previously (ref. 12) .  The 
dashed l i n e  is an extension of the linear r a rge  to  p re sen t  a comparison 
with the measured curve. 
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Similar data have been obtained on three rocket-model configurations 
as shown in  the  o ther  p lo ts  in figure 9 and indicate the same ef fec t  of 
a decrease in the proportion of load carried by the wing a t  the higher 
angles of a t tack .  Two models having 45O swept wings of a spec t  r a t io  4, 
one wi th  a r i g i d  wing and one with a f l ex ib l e  wing, as discussed previ- 
ously, entered the pitch-up region a t  s l i gh t ly  d i f f e ren t  Mach numbers 
but gave similar curves,  the  linear  region  extending t o  a C of about 
0 .6 .  S imi la r  resu l t s  a t  a Mach  number of 0.90 are shown for  a rocket 
model with a 60' t r iangular  wing with the l inear range extending to a 
C N ~  of 0.6. Another rocket model having a 45' swept wing of aspect 
r a t i o  6 exceeded the linear range three times between Mach numbers of 
0.69 and 0.82, and the data  a l l  p l o t  on the single curve shown. Although 
this model a t ta ined  l i f t  coeff ic ients  above the pitch-up boundary for  the  
wing, it did not experience any violent pitch-up maneuvers, probably 
because of the location of the horizontal  ta i l  below the wing. In  gen- 
eral, the departure of the curves of against  C N ~  from l i n e a r i t y  
occurred a t  about the same angles of a t tack as  the departure  from l ine-  
a r i t y  of the basic l i f t  curves for these configurations. The measured 
angles of a t t ack  a t  the breaks i n  the curves were about 13' for  the  
D-538-11 airplane,  go for  the  aspec t - ra t io& models, 14' for  the  de l ta -  
wing model, and 8 O  for  the aspect-rat io-6 model. 
NW 
cNW 
The data on the configurations in figure 9 were obtained a t  only a 
few Mach numbers. A more extensive coverage of the Mach  number range is 
avai lable  on the two configurations shown in  f igure  10. The t e s t  r e s u l t s  
sham a t  the top of the  f igure  for  a 45' swept wing of a spec t   r a t io  4 
were run in  the Langley 8-foot transonic tunnel (ref. 7) . Only a few 
angles of a t tack  were tes ted  so it is not possible to plot continuous 
curves as in  f igure  9; however, t h e  r a t i o  of the wing normal-force coef- 
ficient to the wing-fuselage normal-force coefficient is shown i n  f i g -  
ure 10 to  ind ica te  the  e f fec ts  of high angles of a t tack .  Only very small 
differences in  this r a t i o  occurred for the small angles of attack, indi-  
cating the l inear i ty ,  and only one curve is shown here for  4' and 8 O  angles 
of attack. For 20' angle of attack, however, a consistently smaller pro- 
portion of the load was carr ied by the wing over the Mach number range 
from 0.60 t o  1.13. 
On the  fu l l - sca le  X-5 airplane,  the Mach  number range from 0.70 
t o  1.00 has been covered f a i r l y  completely. The curves shown here repre- 
sent  less  than half the data that have been obtained. Again, the decrease 
in  the  wing load above the linear range a t  a l l  Mach numbers is noted. Of 
pa r t i cu la r  i n t e re s t  i n  this case, also, is the small range of l i nea r i ty ,  
the break in the curves occurring a t  a wing normal-force coefficient of 
about 0.35 a t  a Mach number of 0.70 and decreasing t o  0.30 a t  a Mach 
number of 1.00. On this configuration the break in the c u e s  of C 
NW 
I 
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against  C occurred  fa i r ly   consis tent ly  a t  an  angle of a t t ack  about 
1' t o  3' lower than the break in the lift curve for the complete airplane.  
A b r i e f   e f f o r t  a t  correlat ing the data  for  the configurat ions shown in 
figures 9 and 10 indicates  that the  ra t io  of  the  l i f t -curve  s lope  dcN/dar 
above the break in  the curves to  the s lope below the break is roughly 
30 percent  less  for  the exposed wing than for the complete airplane.  
NA 
C ONCLUD ING REMARKS 
To summarize, it appears  that  the divis ion of normal-force loads a t  
low angles of attack between the  wing and fuselage  of   a i rcraf t   can be 
f a i r l y  w e l l  calculated by theo re t i ca l  methods except possibly a t  Mach 
numbers j u s t  above 1.0. The theo re t i ca l  methods have been reduced t o  
simple procedures so  that only a matter of minutes is necessary f o r  the 
ca lcu la t ions  for  one configuration. Although the simple area r a t i o  and 
load  ra t io  used fo r  approximate estimations may g ive   f a i r ly  good r e s u l t s  
f o r  wings that do not have much taper ,  there  is l i t t l e  reason for using 
these simple methods i n  any case because of the simplicity of the theo- 
r e t i ca l  ca l cu la t ions  which account f o r  a l l  in te r fe rence  e f fec ts .  Based 
on the  da ta  shown herein,  the theory of Nielsen appears t o  give a closer  
prediction of experimental results a t  t h e  low supersonic Mach numbers, 
whereas, the theory of Tucker may give a somewhat bet ter  predict ion of  
t h e  r e s u l t s  a t  higher Mach numbers, although insufficient data are avail-  
able  to  es tabl ish f i rmly this  conclusion.  
The l inear  range,  to  which the preceding statements apply, extended 
t o  wing normal-force coefficients varying from 0.7 t o  0.3 depending on 
a spec t  r a t io  and sweepback. A t  higher angles of attack, above the range 
of l inear i ty ,  the proport ion of t he  normal force  car r ied  by t h e  wing 
becomes progressively less as the angle  of a t tack increases ,  as shown 
by a variety of wings including a 60° d e l t a  wing and swept wings ranging 
from 35' t o  60° sweepback. As indicated by two swept-wing configurations, 
this  decrease in  proport ionate  wing load a t  high angles of attack occurs 
generally throughout the subsonic- and transonic-speed regions. 
Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 
Langley Field, Va., April  28, 1953. 
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Figure 8. 
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Figure 9.  
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